In recent years, the millimeter/submillimeter wavelength range (terahertz radiation) has attracted the increased interest of researchers [1] . This interest is partially explained by a number of surprising prop erties of radiation of this range. Terahertz radiation penetrates without noticeable damping through a number of subjects nontransparent for visible light and does not have an ionizing action detrimental to living systems. A number of chemical reagents have unique spectral features in this range, which can be used to recognize substances. Moreover, the investigations of space submillimeter radiation make it possible to obtain much information on the content, origin, and evolution of the galaxies of the universe. The insuffi cient technological capability of this range hinders the active development of investigations and applications in the terahertz range. Cheap miniature tunable detec tors and oscillators are almost absent in the terahertz frequency range, because the physical principles underlying the operation of microwave and light devices become invalid in this wavelength range. The aim of this work is to propose and test a new physical principle for creating electronic devices, which can be widely applied in the detection systems for millime ter/submillimeter radiation.
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Heterodyne detectors are the most widely used receivers of terahertz radiation. The operation princi ple of heterodyne detectors is that the electromagnetic radiation from a subject under investigation is mixed with radiation of a known frequency from a hetero dyne source and is directed to a nonlinear element. A signal at the intermediate frequency ∆f, which is the difference between the frequencies of radiation from the heterodyne source and the object under investiga tion, is detected on the nonlinear element. Thus, the spectroscopy of radiation emitted by the object under investigation is performed. A Schottky diode [2] is the most widespread nonlinear element of the heterodyne schemes. Its operation is based on the nonlinearity of the current-voltage characteristic of the Schottky junction (metal-semiconductor junction). The disad vantages of the heterodyne schemes based on the Schottky diode are a narrow bandwidth (1 GHz) and a high absorbing power from the heterodyne source (1 mW). Mixers based on a superconductor-insula tor-superconductor junction (SIS mixers) constitute another widespread class of heterodyne detectors [3] . This class of mixers has record sensitivity and noise temperature parameters. The principle of their opera tion is based on the strongly nonlinear behavior of the current-voltage characteristic of the SIS junction at voltages at which the tunneling of Cooper pairs from one superconductor to another begins. The main dis advantage of this class of mixers is a very low working temperature of about 4.2 K, which strongly compli cates working with them. Bolometers constitute the third type of nonlinear elements used in the hetero dyne schemes. The mechanism of the operation of bolometers is based on the heating of the electron sub system of the structure under the absorption of elec tromagnetic radiation. The heating of the electron subsystem changes the sample resistivity at the inter mediate frequency ∆f. The flow of a direct current through the sample is accompanied by the appearance of a photovoltage signal, which is directly detected. The transmission band of bolometric mixers is deter mined by the energy relaxation time of hot charge car riers. Mixers based on the heating effect in a thin superconductor film [4] are typical heterodyne detec tors. These heterodyne detectors have record parame
The nonlinear plasmon response of a two dimensional electron system with an incorporated defect to mono chromatic and bichromatic microwave radiation has been investigated. The operation of an electronic device (mixer) based on the plasmon response with a record operational speed has been demonstrated and analyzed. It has been found that the system response time is no more than τ = 25 ps. It has been shown that the nonlin ear response of the system is caused by a new physical mechanism of nonlinearity induced by the presence of an inhomogeneity in the electron system. ters of sensitivity and noise temperature owing to a very steep temperature dependence of electric resistiv ity near the superconducting transition. However, owing to the inertness of the cooling of hot charge car riers through the interaction with phonons or diffusion cooling, the device transmission band is no wider than 10 GHz. Mixers on a two dimensional electron gas in AlGaAs/GaAs semiconductor heterostructures [5, 6] constitute an alternative type of bolometric hetero dyne detectors operating at temperatures of up to 80 K. The maximum attainable transmission band for the case of the cooling of hot charge carriers on the optical phonons of the lattice is 4 GHz [5] [6] [7] . The transmission bands for the cases of the cooling of hot charge carriers owing to their diffusion and ballistic emission to the contacts are 20 [8] and 40 GHz [9] , respectively. However, the noise temperature and power consumed from the heterodyne source for AlGaAs/GaAs mixers are much higher than those for superconductor analogs and are 1000-2000 K and 0.5-1 µW, respectively. It is also worth noting a prom ising proposal of using a short carbon nanotube as a nonlinear bolometric element of a mixer [10, 11] .
Since the Fermi velocity in the carbon nanotubes is an order of magnitude higher than that in AlGaAs/GaAs heterostructures, the transmission band of the mixer in the regime of the ballistic cooling of hot charge car riers can reach hundreds of gigahertz. The operation of all of the above mixers is based on the nonlinearity in the drift of the charge carriers. For this reason, the response time of a device τ even in the ballistic regime is limited by the time L/v, where L is the size of the nonlinear element of the mixer (L is usually no less than 1 µm) and v is the typical velocity of charge carriers in the device (usually, v is about the Fermi velocity and is no more than 10 7 cm/s). Thus, the response time of the device is fundamentally lim ited by the time τ ~ 10 -11 s and the transmission band of the device is limited by a frequency of 100 GHz. One of the possibilities of decreasing the response time of modern electronic devices is the use of plasma waves as carriers of electric signals. Indeed, the veloc ity of plasma excitations in two dimensional electron systems can reach v p = 10 9 cm/s [12, 13] , which is two orders of magnitude higher than the maximally attain able electron drift velocity. This can reduce the response time of devices to τ ~ 10 -13 s and increase the transmission band to a frequency of 10 THz (L = 1 µm). The first attempts to use plasma waves as fast carriers of electric signals were made in [14, 15] , where the transmission band of a mixer based on a field effect transistor with a lattice gate was investigated. However, the nonlinear response of the transistor at the intermediate frequency appeared to be caused by the bolometric heating of the electron system, which prevented the reaching of the desired response time of the system. In this work, the operation of an electronic device based on the plasmon response with a record operational speed is demonstrated and analyzed. The system response time is no more than τ = 25 ps. The nonlinear response of the two dimensional electron system with an incorporated defect to monochromatic and bichromatic microwave radiation is experimen tally studied. It is shown that the nonlinear response of the system is caused by a new physical mechanism of nonlinearity induced by the presence of an inhomoge neity in the electron system.
Investigations were performed on a single GaAs/AlGaAs heterojunction located at a depth of 190 nm from the structure surface. Two types of the structures with the electron densities n s = 1.87 × 10 11 and 3.5 × 10 11 cm -2 were used in the investigations. The electron mobility at a temperature of 4.2 K was no less than 10 6 cm 2 /(V s). A mesa, which is a strip of two dimensional electrons with two Au/Ge contacts at the ends and a metallic gate sputtered on the crystal sur face, was produced on the structure by means of lithography. Figure 1 shows the scheme of the struc ture. The width of the two dimensional electron strip was 50 µm and its total length was 275 µm. The dis tance from the lower contact to the gate was L = 200 µm and the gate width was W = 50 µm. The sam ple fixed at the end of a 16 mm waveguide was placed into a helium cryostat inside a superconducting sole × noid. Mixed microwave radiation from the signal and heterodyne generators was supplied to the sample through a waveguide. The power of the heterodyne generator in the experiments was higher than the power of the signal generator by 10 dB. Microwave generators cover a frequency range from 1 to 80 GHz at the output power of no higher than 10 mW. The sample was placed at the end of the stripline matched with a coaxial cable (see Fig. 1 ). Radiation at the inter mediate frequency from the sample passed through the stripline and coaxial cable to the input of a spec trograph. The input frequency band of the spec trograph was 40 GHz. Figure 1 shows the spectra of a signal from a non linear element at three intermediate frequencies ∆f = 10.35, 29.83, and 40.82 GHz. The frequency of the heterodyne source was f 0 = 60.35 GHz, its output power was 10 mW, and the output power of the signal generator was 1 mW. The magnetic field was chosen so as to obtain the maximum signal and was B = 0 T in this experiment. It is seen that the amplitude of the signal from the mixer decreases by a factor of only one fourth when the intermediate frequency increases up to 40 GHz (the instrumental limit for the used spec trograph). Thus, at a temperature of T = 1.5 K, the transmission band of the mixer under investigation is no less than 40 GHz; correspondingly, the response time of the nonlinear element of the mixer is no more than τ = 25 ps. This system response time at a nonlin ear element size of L = 0.2 mm indicates that pertur bation propagates in the system with a velocity of no less than v p = 0.8 × 10 9 cm/s. This velocity is the record value experimentally determined for the receivers of millimeter/submillimeter radiation. A two dimensional electron system with an incorpo rated defect is the nonlinear element of the mixer under investigation. A plasma wave (plasmon) is the only excitation that can propagate in the two dimen sional electron system with such a velocity. Plasma waves in the two dimensional electron system are waves generated by the Coulomb interaction between fluctuations of the charge density of the system.
To test the plasmon mechanism of the response of the system under investigation and to determine the role of the defect in the formation of its nonlinear properties, we carried out magnetic field measure ments. The upper line in Fig. 2 corresponds to the magnetic field dependence of the amplitude of the sig nal from the nonlinear element at the intermediate frequency ∆f = 0.9 GHz. The frequency of the hetero dyne source was f 0 = 48.32 GHz. The lower line in this figure is the magnetic field dependence of the photo voltage signal measured between a pair of contacts of the same nonlinear element under monochromatic irradiation at the frequency f 0 = 48.32 GHz. Magnetic field oscillations in the photovoltage signal are caused by the interference of edge magnetoplasma waves at the size L = 0.2 mm equal to the distance between the defect and contact to the two dimensional electron system (see Fig. 1 ) [16] [17] [18] . As shown below, the pho tovoltage signal appears due to the rectification of the alternating potential of a magnetoplasma wave on the system nonlinearity caused by the presence of the inhomogeneity of the electron density (defect) in the system. The frequency of the magnetoplasma wave coincides with the frequency of the heterodyne source. For the experimental test of the interference nature of the observed photovoltage oscillations, we performed frequency measurements. The inset in Fig. 2 shows the photovoltage oscillations measured for two microwave radiation frequencies 25 and 63 GHz. It is seen that the oscillation period is inversely proportional to the radiation frequency. Indeed, under the constructive interference of edge magnetoplasma waves at the dis tance L, the relation qL = 2πN is satisfied, where q is the wave vector of the magnetoplasmon and N = 1, 2, 3 is the interference order. The dispersion of the edge magnetoplasma waves is described by the expression ω ∝ n s q/B [19] . Therefore, the successive magneto plasma interference maxima are spaced by the same Figure 3a shows the dependence of the ampli tude of the signal from the nonlinear element at the intermediate frequency on the electron density in the defect region n 1 . The signal was measured at the inter mediate frequency ∆f = 0.9 GHz at the plasmon inter ference maximum as a function of the magnetic field B = 0.35 T. The electron density n 1 in the defect region was varied by supplying a voltage to a gate (see Fig. 1 ). It is seen that an increase in the inhomogeneity of the electron density leads to an increase in the nonlinear ity of the system, resulting in an increase in the signal. The individual experiments show that the nonlinear response of the two dimensional electron strip with out a defect is negligibly small. Similar results were obtained for the magnetic field oscillations of the pho tovoltage (see Fig. 3b ). When the electron density jump n -n 1 increases from 0 to 1.5 × 10 11 cm -2 , the oscillation amplitude increases by a factor of 100. Moreover, it was found that the observed plasmon nonlinearity can be caused by any inhomogeneity in the physical properties and topology of the electron system, as well as in its dielectric environment [20] . The physical mechanism responsible for the appear ance of the plasmon nonlinearity on such defects is under investigation now and will be reported later. Figure 4 illustrates the temperature dependence of the effect. The signal was measured at the intermediate frequency ∆f = 0.9 GHz at the plasma interference maximum as a function of the magnetic field B = 0.7 T. The two dimensional electron density in the structure under investigation was 3.5 × 10 11 cm -2 . Three spectra from the nonlinear element at tempera tures of 4.2, 67.4, and 115 K are shown. It is seen that the signal decreases only by an order of magnitude when the temperature is increased from 4.2 to 100 K. The inset in Fig. 4 shows a more detailed temperature dependence of the signal amplitude. The temperature behavior of the effect is explained by two factors. The first factor is the temperature dependence of the amplitude of the alternating potential of the plasma waves interfering inside the structure [17] . The second factor is the temperature behavior of the nonlinearity of the electron system. The experiments show that the first and second factors dominate at temperatures below 120 K and above 150 K, respectively. Figure 5 illustrates a change in the bandwidth of the nonlinear element with increasing temperature. The results are the generalization of the data presented in Fig. 1 to the case of different temperatures. The fre quency of the heterodyne source was f 0 = 60.35 GHz, its output power was 10 mW, and the output power of the signal generator was 1 mW. The magnetic field was chosen in order to obtain the maximum signal and was B = 0 T in this experiment. The transmission band at the temperature T = 1.5 K is no less than 40 GHz, which corresponds to the system response time of no more than τ = 25 ps. When the temperature is increased to T = 80 K, a sharp cutoff of the mixing efficiency is observed and the band decreases to 27 GHz. This result is likely due to the fact that the high frequency properties of the defect begin to affect the behavior of the system with increasing temperature.
To summarize, the nonlinear plasmon response of the two dimensional electron system with the incor porated defect to monochromatic and bichromatic microwave radiation has been investigated in this work. The operation of an electronic device (mixer) based on the plasmon response with a record opera tional speed has been demonstrated and analyzed. It has been found that the system response time is no more than τ = 25 ps. It has been shown that the non linear response of the system is caused by a new phys ical mechanism of nonlinearity induced by the pres ence of an inhomogeneity in the electron system. The transmission band of the system under consideration at the temperature T = 1.5 K is no less than 40 GHz, which corresponds to the system response time of no more than τ = 25 ps. When the temperature increases to 80 K, a sharp cutoff of the mixing efficiency is observed and the band decreases to 27 GHz.
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